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Jt»ic^*>^tis. c <r> z t ti. Z%Zi$.MWJjiRiz § -babT^a&ftJff 3 

^ctlcioT, **Sk:H-gii?W*3SiS& L . > t -ft £<7>^8SfcgpJft-*5 c i: *»T*§ . 

[ 0 0 6 7 ] 

Tttciti*^*>s<?>k:fflfflfttfSC%^i"S**. ^ a v >f h t - ft£ ic -b r > > h r t iz s 
/hft4s#£<^ffifc*JB£*n"? ^7 <y 57 -g<jojg^ft tr ic 4? o T * fU X 3b 3 . 

[ 0 0 6 8 ] 
(e )3Siftftjafltf>^ *J 

tiTv^-g, 0 zcofzdb. &2 s&Wffl t <r>m%ttLX%.tt>2> z tiz & r>X . HaffiM*: £ <7>M 
Mft '14 ^fi «tc x. -5 ^ * ^7 ^ ft tr tc ffl u <b ti T § ^JNf t^^v^aittti^ 

flfflfl,! hlciot, Tjn X H ^ M "fb ^ HI -5 3 i: ^T'§ -So 4%^ s ti^fiE^^7^^>- 
t > ^ m is ft & fft i: L T <b *u MS • ^jn if ti ^ ^ |p] tc jht L T ^ a6 «b ti § <d x , 
it£*<?>fflWvS<50 «k 7 leg- tort tc x ^ ti/ifl^ ^/^i-^»'£^^ftv^ it, ft^<7>=+S 

t s X £ 2> o 

(6) t g^ => > - ^ <J0'I4H 

T*> * . § ^" 9 >-57^Jfx.^Zi:lcJ;oT[34<?>=l;-7lc3) / X7L57aV >f Hffl^^X^i- 

IS. 3 }X7U 9 a V >f h*tti^§n-7 * - 9 <7)&W&2i ttbfz'bn-Z&Zo 
[ 0 0 6 9 ] 
[^ 1 1 



s<9 




Po 




h 




aa, bo 




ai, a2, bi, 
b 2 





[ 0 0 7 0 ] 



2 . 3iX7C*nV>fKtt*SUCj:£*i!rav£ 

( i ) mbfrnmm<7>&¥®4kft 
tc «k s x a <r> m$nm m * ± & a ® t lt> 3 ? n v ^ h ft *& ( 3 mit ? a v ^ h -t r 

> > h ) ^if Semitic L . 3 #Ctu ? a V -f K -fe r > > h lc J: o TlM^H 

[ 0 0 7 1 ] 

2 3 YKft ?nV^H ft*l fc*^ ^J^^Tvt «b ^ lc flic 3 ftTO Jffij&teg. 
Jf*ft4? =k ^fts^il^lcfiic^ ftTU § c i: T*£>3 i: £#§3 tl S . _h*£<7> * ffl u T 

[ 0 0 7 2 ] 
[122] 

/>*,(i) = /X + .(0) 
Py t (D = Py M (0) 

a,(l) = a 1+I (0) (26) 

A0) = A +1 (0) 

tan 7,(0 = tan y, +] (0) 
jr,<l) = * (+l (0) 

[ 0 0 7 3 ] 
[ 0 0 7 4 ] 

m 2 3 ] 

^,(l) = ^ (+t (0) 
ft,(l) = ^,(0) 

cos[a ( (l)-«, +I (0)1 = 1 (27) 
cos[fl(l)-/? 1+1 (0)] = l 
tan7 / (]) = tany ( „(0) 
/r,(l) = v, +l (0) 

[ 0 0 7 5 ] 

C 3 T* $ b IC , 

m 2 4 ] 

cos[a # .(l)-a i+1 (0)] = l 

[K25] 

tan7 ( (l) = tan7, (1 (0) 

[ 0 0 7 6 ] 



m 2 6 1 



tany,(l)= tany (t) (0) 

/?',(l)cosa,(l) /?' /+1 (0)cosa j+l (0) 
v a'(l)^,(0) = «' M (0)/f',(l) 

[ 0 0 7 7 ] 

*s ^ r m<n ^ # ^ m tz it is @ m * m f&-? & z t & at; * s 3 t ^ & % . 

[ 0 0 7 8 ] 
[12 7] 

/>*,(D = /X +1 (0) 

/> f (l) = /> /+1 (0) 
7^(1) = ^,,,(0) 

cos[a,(l)-a w (0)] = l (28) 
cos[/?,(l)-/3, +1 (0)] = l 
«;(!)#♦, (0) = <C,(0)#(1) 

^0) = *-m(0) 
[ 0 0 7 9 ] 

(28) j^c fcv^T. fi#J<?> 3 )X<7> 2xtltmm^fa<7>Mffi J &. *iX<r>\^ 

2 3 &7C * n V >f K ft *| to* (28) ^<?> 7 o <?> & #5$ M tz -? <&W to*£> -5 

o 

[ 0 0 8 0 ] 

G 2 JIM ( G ttGeoraetry<7)fl3C^) icov^iSt^. 13 5 li G 2 mm%nm<7>$kflf* 
[ 0 0 8 1 ] 

G 0 mmt It 2 ^<?> 3 YKit ?ovn' Mto*^<^;£Tfigto*-gtii-S d i: fcv*v*. G 

1 ii^t am*ft^isi**-sc-t* - *v>v>. g 2 mmt ism m^m (mm) jkv&mt)*- 

[ 0 0 8 2 ] 
[ft2] 



C 0 :££g 













[ 0 0 8 3 ] 

2 3 Alt ? n V >f H ft *&*>5gi^ t § C°-C i-C 2 , G°- G 1 
— >- G 2 lc &£lc Lfzfr ^Xffim&ftfrM L < C 1 51 USB 5 t^lSj't- 

[ 0 0 8 4 ] 

g 2 mmx-ismm^m (mm) i±£o tuttfit am 6 tc^2 ns «t 7 iz&m 



c t>*m rir a& ic # * n & ^-m s 1 , S24in. z <?> m 6 t- a & p ic x ~n i«j ^ii^c 

T-fc^^ittffflS 1 , S 2 fr^mfficoM*^ t TV^. 3 )X7UftlS<^]i^c'l4^#i^ t 
Biz. BB^fa^ — %t<^)X\z%£%:l1-ftlt^rt%^ztlzmM¥m^ — $tT>3h2><, 
mm~tZ> t £ \Z Itm f&¥-mt)* — LTi^jru irm***^ < » ff fii^Pffi^— tfciT'ffi 
*^gr£ -t±&<&W;b*£>S 0 2 3 iX7Cft*ST. MiL gttfl (Y£*t7jft 

) jkvmm-£-%t$ %z>zh t)*G 2 mwt^ m tz-t ^ ft iz-^ ^ . 

[ 0 0 8 5 ] 

( 2 ) M#^^tfS^HIK 
[ 0 0 8 6 ] 

(a) ffi^^^" => > - 9 h. a , P -&5-2.X . 1*<7> 3 iX7C * n vM K ft*6*IE£3 * <?> 

^ i+ s ¥ im ic «k ti a\ ^ > - ^ <7>saia#©T*> o . c t if ^ 0 cco^^ 

fe-f £ z t itxB 
[ 0 0 8 7 ] 

mm ( * n V A H -b r > > h ) ^fF^i" § o C^J^ ^lcii. (28) j**Sffc-* * 7 lc 

^ > - 9 H-g^HHHi (a) =fc 9 fg$tT*£> 9 . W *) ML tfXMfftM t % %> „ z^tiM 

[ 0 0 8 8 ] 

tc^sUb^ ti § „ 

[ 0 0 8 9 ] 

5fe%a;f7 > — ? : > — ? 

Jq/^*fr : (28)5*. *>*vMi*<?> — 5* 
[ 0 0 9 0 ] 

*iTv> Sig£-|c ti . »WCfflvi5 3iX7C?n>;>( K ffi *£ <7) & % ft SO lc «fe 0 L 
Ts WJ£i-£**nft*t^ v >- if ^»-*<&g 
[ 0 0 9 1 ] 

5 z ^-<^/ia6tc. x. «b fLtzmffigL* £ <n ft ft . & *) &m 

[ 0 0 9 2 ] 

o^STEP tc^ttT. HSiXUfft*. IlSTEPh L T MIS h gJjft^j f«I Jb*-gCi" 
5 =k 7 icffiP^ Lfc^T?. S2 STEP t L X tem^i l«I * — &~t Z> «k 7 k:ffiM*ffv^ 13 

ste p TtMt-st-rs =k 7 icffip^-t^o cio^vi^rtticoffit^^m 7 icie-to 

[ 0 0 9 3 ] 



(a) mmftnmn 

3 'Ait ?p'mh mm-zm^T^-z. hnrz^m^m^m^^izmm ltv^ < ^$£<7>^jt 

IJlcouTll L 3 tfvTU 7 n y >f K ft Jj$ Jfl v * *t W fcWHk 3 iX7C ^ a V >f 

KiBinf^. ffi^lc «fc o T4i/£2 n-5 3 ^tu 7 a y >f h \&m t Pf v. * ft 

-5 ^fiftUt: 3 Kit ?ovn*^r>>Fi: 0?^ o 
[ 0 0 9 4 ] 

3 /^tc ?n'MH ffiP^^S^^-iTLti t L X It , mmtl Ml^ & m t£ ffi & 3 Kit ?o'MH 

-5 «fc 7 - - h > • ^ y y >ftT-^ftTftit4^t5, c^rm^) 

ISt * tubfz'bnfrm 8 T*>*. CCTG 2 Iii:ti, 2 3 iX7C ^ ni v >f K ftJjft** 

[ 0 0 9 5 ] 

( b ) g 2 a^&ffira<5D&fr 

[ 0 0 9 6 3 

4-. W3Uc 3 o = { Pxp Pyp Pzj}, P 2 ={ Px 2 , P y 2 • P z 2 > > Ps = { Px 3 - Py 3 > Pz 3 

} fc*£> 9 . f ^),^^ 3Rtc V t r > > h T-M t 5 : 5 . EI 9 ^ P ! . P 2 

, P^^TC^nv^'iB^^t. j&Pj, P 2 M%«S^fl*ft*ft*ftC 1 . ^P 2 ' P3^^*o^ 
tti^llC 2 J:t§ 3<7>JS£-**nSui. fflUC}^^^ > - 7 aOp alp a 2 1 . bO^blj 
. b2p hj. ft&£C 2 <7>^ ^ > - ? a0 2 , a 1 2 • a 2 2' b 0 2 • bl 2' b2 2" h 2^ 1 4 ® b * * ° * ^ 

. wtiHUict'T < -5 >c^<7)^ y 7. 7 'j y h a&tttMt^-t y 7. 7 m y h icttifc lti^. 

[ 0 0 9 7 ] 

tc T It jfcfB lc ffi n W & il -5 tvn*ffli3/X7C?n y -f H ft <?> <b % £ 

£ t . ^^^^rzm^x^mmizmf^^ n^^xmrn^^it^v^ Kizmm^j ix\t& 

Il:ouT3o, ? hUcouT2o, ft*jg^c<^ * # <^> 5^ S $ t ~H ft lc o 

T2o^)^t7f^ , )lo 0 * jj$ j& tc o T . ^P 2 T-afiglcov^T2o(7)3iT*i)li 
o W_h «k 9 ^fr^&^tfT* 1 0 I$>^, L^L, c:ft-?i±**n» 1 4 1@ic*tLTx 
1 0 flU L W U L * v^<7> t* * £n Be <r> ffi & db § c t § * . f :T\ * ffi \z is 

^□IS<7>f(^VL < Lfc. %^k:4JltSji*ft^l^*»l^-ttili aOp bO^i. ^-<^/^« 

itJc ^IftKH'TS^T'llOii: LTi^^v^; tic Lt, WT> §^frtov^T 
^ x.X < . 
[ 0 0 9 8 ] 

if, fig<7)*frlCov^T^x^t. (1-1) (1-2) (1-3) 5^ J: 0 . TIQ<7)3o<7)^/^ •} 
lo„ (WTSMKJtt^. ) 
[ 0 0 9 9 ] 
[»2 8] 

Fx, +h, ^CQs{a() i +a\ : S + a2 i S 2 )cos(M) l +b\ l S + b2 l S 2 )dS-Px^ =0 (1-1) 

Fy, +h,^ cos(a0 ( + al y S + a2,S 2 ) sin(/>0, + M, S + b\, S 2 )dS -Py M =0 ( l - 2 ) 

Pz, +h, £(-sin(«0, +«l,5 + a2,S 2 )MS'-/ , z, +1 =0 (1-3) 
[0100] 

iXtx Jt*ft^lRlk:ov^T#^.<6 i: (1-4) (1-5) ^2 o^jt* 1 ! 1 ) j/o. 



[0101] 

m 2 9 ] 



cos(a0,. + a\ t + «2, - a 0, +l ) - 1 



(1-4) 



cos{60, +b\ l +b2 l -M) 1+1 ) = l 
[0102] 

ffi^/c^^cS^lcov^Tli. iX<?> (1-6) to*/£ 54o 
[0103] 
[t 3 0 ] 



(1-5) 



/r l (l)-*-, +1 (0) = 0 



(1-6) 



[0104] 

M^lc^^^lS]^ ? h ^ n(c o v^T l> o 3^tu ? n V >f H ft Jjft <?) i£ #ft ? h >unli* 
( 2 1 ) ^ T ^ S tl S . 
[0105] 

^ottiTAS. #]»jf»?Jfr (1,0,0) ICMLT, #]JWv£*ft?JI«]*£8Cr fcfflv^T (0, 
cosr.-siny) T'ittt^, 3 ft * h |gj C «fc 7 ic 0 K 3 i± £ i: . v£ *t n li 5t ( 1 -7) 
<7}Jc7lcjt£ft£ 0 
[0106] 
[»3 1] 



n(.S> 



cos f3{S) -sin/?(S) 0 cosar(S) 0 sina(S) 0 
sin cos p(S) 0 0 1 0 - cos y 

0 0 1 - sin a(S) 0 cosa^*?) [-sin/ 

- sin y cos p{S) sin ar(S) - cos y sin 
-sin/sin /J(.S') sin a(,S) + cosy cos J3(S) 
-sin ycosa(S') 



(1-7) 



[0107] 

(21) (1-7) lt$£~? & t . siny, cos y (1-8) j$k: *tJ£ L T 5 d i: S 



[0108] 
[K32] 



sin/ 



cos/ 



a' (5) 



V«'(^) 2 + /?'(S) 2 cos 2 a(S) 
/?'(S)cosa(5) 



(1-8) 



7a'(5) 2 +/?'(5) 2 cos 2 a(.S) 
[0109] 

it(i-8)j=^. 3)X7c * n v >f k wmiztert & mm 

It t an y to*. 3l^T-#>*UJ J: C t t>* £> 3 . 



: l£ B! fiK -5 tC 



[01 10] 



m 3 3 1 



tan/ = — (1-9) 

j3'(S)cosa(S) 

[0111] 

o * *) mffltMlocT* 3b Z> i&ftlt . ^ (1-10) T#>£ C i: 

[01 12] 
[13 4] 

tany,(l) = tan/, +I (0) (1-10) 



[01 13] 
[IS 3 5 3 

cos[ar ( (l)-ar, +l (0)] = l (1-11) 

* 0 . Jfta!^"? *> 3 ^ fMi ( 1 - 1 2) T* * s . 
[01 14] 
[136] 



a',(l)yff*, +1 (0) = a' f+1 (0)/?',(l) (1-12) 
[01 15] 

iii tit)*, tm&\zffimttn<r>&-&m t ) . t^^mmt %z j= 7 ^^friJi^T 

l± 5^ ( 1 - 1 3 ) CD «fc 7 lc& § c i: t> fc> £ » * . fcn ^ • & j& lz is ^ T & 3 ii h co 7 % <r> v> < 

[01 16] 
[137] 

/>*,(l) = />x, +1 (0) 
^(D = ^ + ,(0) 
/>z,(l) = />z, +l (0) 

cos[a,(l)-a, +l (0)] = l (1-13) 
cos[/?,(l)-# +1 (0)] = l 

«;(i)/?; +1 (0) = «; +1 (0)A'(i) 

Jr,(l) = *, +I (0) 
[01 17] 

Jit _L «fc »K **a$Ulp a 2 j , b 1 j , b 2 1 , hp a 0 2 , a 1 2 . a 2 2 , b 0 2 , b 1 2 , b 2 2 , h 2 <^12fi 
icWLT, ^frs^li Tie^ 1 2Ma*/£ *) aL-o z tb*hfrZ> 0 ( ^P 3 tc is It £ j£*ft?J fa 
t a ^ (9 3 2: ^ -5 o ) 



[01 18] 
[S38] 



P Xl (\) = Px 2 (0) 
Py y (\) = Py 2 (0) 

Pz ] (]) = Pz 2 (0) 
cos[o-,(l)-a,(0)] = 1 
cos[/? ) (l)-/? 2 (0)] = l 

a\{\)P' 2 {0) = a\{Q)P\_{\) {ii4) 

Px 2 (\) = Px^O) 
Py 2 (\) = Py,(0) 
Pz 2 (Y) = Pz 3 (Q) 
cos[a 2 (1) — cr 3 ] = 1 
co S [/7 2 (l)-/? 3 ] = l 

[01 19] 

^ — a- - h > • 9 7' V > v£ ic J: o T ffl § . dtf 
[0120] 

& i ^ i < n i: tl 14 J: v> , ^ & * ft & £ 1^11? *> S „ 

[0121] 

14 n- HIS <^ *JIJ fc* £ t B . NI«7)*»itfcNI^I^M , )iofct5. I3T 
$ ^ tc \&i$z.tz b-fZb, 3 /^tc ? u vM K -b r > > h P n _ j , P n <?) ?nv>(H 

'5>— 7aO n . al n , a2 n , bO n , bl„. b2 r h n <7> / o j^if x. £ o -^T\ ^ttiUi. 
fcfrU t oit*. & ^T^Pu-j-C-teHk: o v^T 3 o x J£jjfc~* H 'Ucov^T 2 o> ;£P n -i<7> 

[0122] 

n=3T'li*^l, m t t lc 1 2 IS T? -5 3 t fc* ft fc» o T § ^ h . n^3T'lt * 
*n & 14 7 (n-2) + 5 ill. ctilc^LT^^^oit^Z ( n - 2 ) + 5I*>^„ ctiT 

3 HIT*5. fSiit LTtt, *£n®( t ^frst^figic (1-15 
) (1-16) 3*<7> n # *>*J& 9 £ o 3 h * flj ffl L Tz - ~ - h y • 77'7>ii^fflV^TffU/i. 

(&fr£F**n&£iK KM^^ fcr-r>fffllJ kt*. ) 
[0123] 
[K3 9] 

AF = [j]AM (1-15) 
Aw = [■/]"' A^ ( 116) 

[0124] 

[0125] 

(c)IM<?)^ 



frlb £ . 1^ Slj ft li fc <^ Jc 7 ic ^ £ <b ft T t . z z~?l£ J %-<7>%]ffli§.<7> J i-£.J3CD — l!j\]\z 

[0126] 

Sfcff Sf2£T*> 5 3D Discrete Clothoid Splinesti. JSRfglc ffif^M^^^ii *) . ft^*»46 
li 3 }X 7U ? a V >f H if <r> tz &b <r> %l M ft % . HI 1 0 <r> J: 7 ft r = 4 ^ 3 D Discrete Clothoid S 
[0127] 

Discrete Clothoid Sp 1 i n e s ic o v> T ffl M t£ BH i" £ „ HI 1 ic ^ $ ft -5 «k 7 ic 

TI^^IfAL. fc Q fc ft £ J: 7 ft#ft 0Q*f^* . C C TP^TI^^ni^l. J: f 5 t , # 
M =f>Qlig| C "CrnlM. Hv^T^^itnT'r (n- 1 ) + 1 fH <?> TI^% If o 3 fc lefts 

o Wt^^x? >; 7'h t^^jb^^lLS^-fc LTs &TK&-$: n\~Z-$k-f z fc lets, * 

[0128] 

Z<7>t£. Tie<7)TI^fB]±^^gri»lc ft § J: 7 fti^ ( 1 -17) ^iHfc L , ft 3fc fc* <b 

<r> wmw m ^ it 00 -t s j: 7 ft ic ft t a < ft * t b <r> ( ^ ( 1 - 1 8) (r> m ft * & * it-? % 

fc § </> ) # 'J rr > Q % 3D Discrete Clothoid S p l i n e s b 7 . 
[0129] 
[K40] 

Iq.-.q.hlq.+.q,!' (q,eP) (1-17) 

£||A 2 * ir+l ||\ i = {0...n-l}, A 2 k ] — - 2k, + (1-18) 
[0130] 

3D Discrete Clothoid Sp 1 i n e s T It &TK&cr> 7 U * Jgfg fc*-*- T« lc :d< * o T 5 „ f CT' 
» **>|iteigiffc?Jl«J~* ? h ^ t «k *) 7 > - 9 a 0 > bo^^^^- zcomm^fa^ ? h >i 
t it # ') =f > Q % * *> fc fc £ iz ~? T ic K *n fc ft o T v . Z <?> t fc 3 iX 7U ? n v >f H ft m <r> 
mm<OlR fc 1C J: *) . # ') =f > Q<7>TK^^tt^^rS]0l5^ a , (9 fc*^ 15. 3 ft IC <fc v &ft*£ 
<7>a 0 - b$ co WW * -5 o £fc. *6^*^*6* * 3iX7C^ a v >f H *ft^k:4?v^THx 

<t> ft ^ x. -5 o 
[0131] 
[K4 1] 



cos /? COS cc 

sin ficosa 
sinrar 

3 



(119) 



[0132] 

;ZT\ 3D Discrete Clothoid Splinestt. TI^ fr^Wffl.\z M ^ T' v^S Z fc % # ^. 5 fc 
. m 1 0 <^^g 4i + 1 T'li. ttiiS^^I5CS*»l/4T?*>S fcfiflii- S d fc )b*T§ So fB]«lc^g 4 ( 
i + D-iTtt. ft*ft^^SCS**3/4-?*>* fc iSflJt* - fc A J T*S ho Ztlh-ZYtKit ? a V >f 
Kffi^<^a^^fc^^^-t±T#)Si-SfcTie<7>it(l-20)^l^ , )i:o o 
[0133] 



[S42] 



(1 -20) 



[0134] 

3 li**n£tfc*a 1 4 j a 2 4 j <?> 2#C7U3l jaTjH^ iz t£ ■? X 3s *) . z j#v* X ^ => > - 
yap a 2 ^«KfHi i" -5 . Is]*f lc ^ ^ > - 9 b \ , b 2 ^IOSfl« t 'tkfcX B S . 
[0135] 

*) nft-tZo 3)X7C ? a V >f H ftH^tt^li. ^(1-21)T^3*IS. 
[0136] 
[143] 



r (1-20 



cos 2 or 



[0137] 

i: 5^ (1-22) left 0 . h<0 f] 1$ ft £ § ft § „ 

[0138] 
[S4 4] 

, V(fl1 4 / + 2a2 4 , ) 2 + (frl 4 , + 262 4 ,) 2 c os 2 (a0 4 . + al„ + a2,„) 

«4, = (1-22) 

*4(l + l) 

[0139] 

o c: L£2J]BH«£ffl^ (b)TiB-<fc J: 7 ft0 2 ai^t ft £ «fc 7 4*ftTT'§ffii^o^ 

v > - 9 CO ffi ffilffi % — ^ - N > • 7-/V>aiCj:oTf ftfc. d ft IC Jc o T§btlfc ;>; 7 

[0140] 

mmizu±.izft-<rz^yi;X}£mitmm tr^m t lt (o. o. o.o, o.o), (2.0, 2.0, 2. 0) 

, (4.0, 0.0, 1.0). (5.0, 0.0, 2. 0)<*>4j&*3iX7C* n V >f KffilW Lfcfllfc^l-f*. fc&W 
tc J: 9£j£3*ifc3iX7G*nv Kft*ft<*>2S&EI%l3 1 2 tc ft i± . m 1 2 li H Jjft 3 iX 7C 

[0141] 

$ «b tc n 3 tc #tt*6<7> ^ > - ? * . ifci4K, §ii^T-^)ii • mm ■ • a 

m<n-fft-&Wiitti. zfih «k 9 ^miw^TG 2 !!!^^ ft 5 J: 7 ft3^7C ?nvn* 
^^tiTv^c hb*bi)^„ m 1 3 t±fflttk:46^*^<^#iftK|l||. Mile ft 3* £ IX 

ofci$t£^77T'*^„ 
[0142] 



[ft 3] 



a = -0.657549 - 1.05303S +1.84584S 2 
p = 1.03297 + 1.29172S -2.55118S 2 
h = 3.82679 
P 0 =(0.,0.,0.) 

a = 0.135559 + 2.18537S - 2.69871S. 2 
P = -0.226655 - 3.15603S + 3.03298S 2 
h = 3.16932 
P 0 = (2.,2.,2.) 

a = -0.377569 - 1.45922S + 0.984945S 2 
fi = -0.349942 + 1.32198S - 0.873267S 2 
h = 1.43987 
P 0 = (4.,0.,l.) 

[0143] 

Coord : (1 .16 x 10 5 ,2.00 x 10' 6 ,3.82 x 10" 6 ) 
Tvector : (7.59 x 10 s ,1.50 x 10- 5 ,2.95 x 10" 4 ) 
Nvector : (2.93 x 10"" 5 9. 19 x 1 0 5 ,-7.57 x 10" 6 ) 
Curvature : 3.06 x 10" 7 

Coord : (-4.33 x 10" 6 ,-1 .64 x 10" 6 , 1 . 1 1 x 10' 5 ) 
Tvector : (2.06 xlO" 6 ,2.33 x 10- 4 ,1.97 x 10" 4 ) 
Nvector : (3 .3 0 x 1 0 4 , 1 . 1 9 x 1 0 5 , -3 .23 x 1 0 5 ) 
Curvature :5.96xl0" 6 

[0144] 

( 4 ) mtitlztsl-t Z &ii.<r>fflffl-& tz G 2 jIM& 3 )%1t ?nvn*ffil 

(a)*iW£ft fc**D» 

(3) Ti^fcJ:?^ ftii^uTu^ ig^T?*fiW*t&</>j&fc*ni@#>5 t § . ^^Jl±n- 
lM^>ft*lT-3^7C ? n V >f KffliWStlS. fl£S \z &j&*jS Z> * <b #3^7U ? n V >f 
icov^T^lDtiiaj, aj, a 2 > b 0 , bp b 2 . h<7> 7 o £ T* . * £n & it 7 (n- 1 ) fi 

5:k(:44. —^7. * frit tc o u T ti . n-2M#> £ tfM^ r t iz mm . Jf*SU ft 



tti&fclzisl'f zmUnSMfrtftE-t 2><7>-Z . ^MT* I (n-2) I3IT'$> -5 . 2-3^ 
^vSTli 3*UC#f;±> • ^^iCfclt^mH^ ? H *fr^4Mif ^t C t lc J; o T 

[0145] 

:;t\ m • n^icfcit-smn • mm • mm* mm t . ^oc 2 aic^ tara 

t £ ft «b . liMSmHcfclt &&Ji£%ft|flP L fc 1: § i: it^T, $ ^ tc46^ • H^T'VSIS • 

tft^lc o 2flSo*o<7) ^-fHfflJt*. * 3 t tc ft § . t5t, 5$ tt^gPT 7n-3M t u 7 
Z t iz ft £ . z<7>Ma. ft <k *) ^ft < ft £ 7^V>S 

[0146] 

CCT'li, ffifflW&J&**rfclC# At5 3 tic J: oT*»t^fr^^Ki:t 
[0147] 

zcnM&mm&fr2^m z. &cot°. ^mm^iz^^^k^^mm. mm. mm. mm<r>m 

o* o (?) 1 4 fH it £ & c -^T\ * £n gc a 3 tc * a y >f K $gl 9t 2 o if -5 <?> T* . a 0 , a \ , a 2 
, bg. bp b 2 , h<7)?oo*o^)^|f Hi^*|at^j|x4 3 i: left -So 3 </> t § lc # * 
tt5/&cr>&iin + 2ffl?#>5 fc><b. ^#T-*^ £ i: **a$Ui7 (n + 1) * ft 5* It 1 (n + 1 ) +4 flU 
u 7 3 i: lc ft § o 3 3T-$blc, Srfclcff A t fej^<7>Jffi*g<7> 7 *» 2o^*|aS t Ul 
nt4fc, *^SlJ4ojt£§ctlc=5r§ 0 til:, **ufC * fr^ t 7 (n + 2) -3flS t ft 
0 s * £a $( ^ ft? ^ * § 3 t § -5 «k 7 tc ft § . 3 <r> j: 7 icSf ^ft^^Jf At * 3 t \z 

mm* if 7 3 i: ^Hj^tc ft § . 
[0148] 

§ ^> lc — JKAS ftJt ^tc o v^T ^z. £ o Dl^^l!ltiBlt«i:§s MiQ^T*mM<7> Jl @ % 
©J «Pt £ Jt^tcov^T^Jf At^jS^K t **>j&k:i?v*T**iiSC t LTfft 7 MSI<7>$Uco 
v^T^-xio 5fe ic ^ S ft* . ii^'PiuTuSJI^, l±n-H@<7>ft*6"?fciNi 3 *l 5 
= fcL. Affile £^ &3&rc?n V ^ K*ft#k:ov> T*fr$Cli a q. aj. a 2 . b 0 - 

bp b 2 , h^?o*5^)TJ, **n$Cli^#"?7 (n-1) fH£> -5 3 t lc ft £ . — *frjtlco 
v^Tti. n-2M*>^}fl5c^r i: tcM^. mm. mm. $im<r>lffi~3~>t1&)&\ztsl't2>mM<r> 
3i^'^at5^)T\ ^gp-?7 (n-2) I3I0T?* 0 . *ftit^)^*Mo^^v\ o U ») . 
fev^TftOP $ tiS § Jl @ li4olii_h t 7 3 i: \z ft i o lilTx ffeWJ + TmliUM ±<?> @M 

< ti^-Slc^viTl^-6. 
[0149] 

(i) m=2k<r>b% 

M^T-*>^H±Tm=2kflH^Jl@^ilJPt S # x *^t!J^#T'7 (n-1) *fr^ti^fr 
T*7(n-l)-4 + 2klT-J)-5, c <7> § jfi HI ft * it 2 k-4 M T § . 4-. k-2M<r> fz\z 
WA-fZ>zb*^z.Z>b. 3iX7C ^ n y >f K Ji6^**k-2*x JfM^ **k-2M±i x S <?) T* . * 
^ni(li^#T-7 (n + k-3) fl. *fr^tt^#^7 (n+k-3) -4 + 2 kflS t ft S . tcft^lc 
WALtz&£L<omm<7>1$.coi *>2o (fj^^x.y) S^fttJ: LTftH *^nSCtt 
^#T7 (n + k-3) +2 (H)fi, *ft^li^#T-7 (n + k-3) +2 (k-2) M t ft *) *^afc i: *frit<^S( 
L < ft S o 
[0150] 

(ii) m-2k+l<7> t § 

WSfiS-e&fc i±Tm=2k+lMc?>Jl g ^ftOPt -5 t B . *^aSC 7 (n-1) ill . *fritii^ 

4#T-7 (n-1) +2k-3MT-cfc s . 3 co t § jfi^ij ft^fr^ 2k-3If*> S . 4-. k-H0<?>j&**ffc 
tc4f At -5 C i: % § t . 3)X7C^a Ki^in-1*, ffM^ **k- 1 Mi# ^ * X' . 
*^a|^li^#T«7 (n + k-2) II, *fr^li^#T«7 (n + k-2) -3 + 2 kill fc ft -6 . ::-?^t|ffc 
lc 4f A L § ^ <t> M ^ <7) fl <7) 7 *>2o (fjxtix.y) Ul? tt§ 



It^ikT'l (n + k- 2 ) + 2 (k-2)M. 5* li^#T* 7 (n + k-2) +2k-3ffl t & 9 *ff^^K<»Mo^ 
< & £ . f :T\ m=2k+l<^S n-K: liJP A L fc^(<7> "7 *> £ rxn&K: fci^T li Jffi & <?> ffi tf> "7 
*> lo/*l+£**D& i: LT1&7 J:t5. f 7t^:tT\ **n&tt^#T7 (n + k-2)+2 (k-2) 
fHK (n + k-2) +2 (k-2) ffl t & *) * *o 8( t * #5* 60 & fc» V L < * S . 

[0151] 

lil±K:jffi^fc^S<7) Jc 7 \z. mftng nzlkft<7>&\z-&t>itx . W A L fz^L^mm^ 7 *> 

^ ft 5 ic IS "t o 
[01523 
[H5] 



n ^oitiaic*5Jt z>¥ni&x*<DMwmn tectum. &flF3$:<Dm. 





it Xl5 




&$tk Ltft 




4 


0 


0 


0 


0 


5 


1 


1 


1 


l 


6 


2 


1 


2 


2 


7 


3 


2 


1 <@<£>& : 2 
1 m<D& : 1 


3 


* 


2k 


2k-4 


k-2 


k-2 m<»M. : 2 


2k-4 


2k+l 


2k~3 


k-1 


HfiOl : 2 
H@©j& : 1 


2k-3 



S*k : 2 &.±<D 



[0153] 

(b)^v£ 

M • ^^T&fl^ftUP-t £ 3^7U * n V >f K *fflv^ffiM^a , 014 Tkum 1 5 lz 
^ § tl -5 =fc 7 tc Jit T 60 9r£ft T- tf *> ti £ . 
[0154] 

Step 2) iifcft*ft±k:3rfc£j&*#A L . *fr^t**n$(60$c^iiSgi)-3 o 

S t e p 3 > 9 > - ^^^IJWffifc LT> g ^60*fr^iiSfci- J: 7 £ & ft *6 tf> > < 5 > 

- 9 <n fH f I =. a. - h > • tioT^fti. 
[0155] 

WT, ^Steplc o o T s& Bfl^ ffi £ i" 5 . U -fStep 1 \z fcv^T \t * BUS ft ft * & 60 

Tt. ^60fl^60^"7 > - 9 *>S<thzm<7>%]Wmt LTIi> (3)60^vS t[B]cinW«^ffl 
[0156] 

iX S t e p 2 ic 4? X m tz & ff A L . * i: * *n & 60 & 60 if £ * ff 7 c t tc 4 £ . 3 

60^. srffctcjf At-s^ii, &mmttn&m\zte^T^m%mv i^ut\z-% z £ i \z-? 

kt5. -3 £ »K ^f]lcf¥A^tl-5^0tt^^i:^60|?f60^60^i:^^i:^<7>|?f60^60^T- 



f) 5 o 

[0157] 

m.@t IZ S t e p 3 \Z o T ~2 $> Z> . S t e p 3Tff "7 - ~ - h > ' ~? V > <7> %)W ft % 

liffli^. lil _h T . S t e p 3 \z is rt 3 ttH<7> & ^ ^ > - 9 <n mW ft * fcfe L . c ^ f] Sfj 
ft ^ ffl T . - ~ - h > • 7 7' V > a lc J; o T # b tl f: 7 > - 3 7U ^ n y ^ F 

ft»*4lSU ^?iJW%i»<?)^fttifct<J: 7 &3/yv7U?n y ^ K t& fcg W * tf o 

o 

[0158] 

(0 fflW^J 

L7c#y^^-to mm\zm^-<^nmtin<^)k\zm tm^^m *> . p 1( p 2 . p^ltc, 

[0159] 
[ft 6 ] 













p, 


(0, 0, 0) 


(Cos( 0 ),Sin(0 ) 
,0 ) 


(-Sin( 0 ),Cos( 
Q ), 0 ) 


0. 2 


p 2 


(4,-4,- 
4) 








p 3 


(8,-4, - 
5) 


(1,0,0) 


(0,-1,0) 


0. 2 



*^=- 7 tt5 
6 



[0160] 

zco&ft-?. mmizmm-^n -> rz^m-sm 1 6 \z^~t„ mm^rAit ? u y -i k A$gu 
^) ^7 7^iet„ $ tifc tfij^ts x ft 7 & h t> & & J; 7 \z h- sl rz^pr^mtz l t z 

t ^ *^ S . 
[0161] 
[ft7] 





mm 








p. 




{0. 0, 0. 0, 0. 0} 


{0. 8660, -0. 5, 
0. 0} 


{0. 5, 0. 8660, 0. 0} 


0. 20 






{0. 0, 0. 0, 0. 0} 


{0. 8660, -0. 5, 
0. 0} 


{0.5000, 0.8660, 0.0} 


0. 20 






{0. 0, 0. 0, 0. 0} 


{0.0, 0.0, 0.0} 


{0. 0, 0. 0, 0. 0} 


0 


p 3 




{8.0, -4.0, 
-5. 0} 


{1.0, 0.0, 0.0} 


{0.0, -1.0, 0.0} 


0. 20 




fit 


{8.0, -4.0, 
-5. 0} 


{1. 0, 0. 0 , 0. 0} 


{0.0, 1.0, 0.0} 


0. 20 




m 


{0. 0, 0. 0, 0. 0} 


{0.0, 0.0, 0.0} 


{0.0, 0.0, 0.0} 


0 



[0162] 



(d) * m&-?<7><&<7>mm 

(H^fftic J: *) . miQ&lz&rt 5 #fi^OT Loo. G 2 il^ft ffiP^tf i £ «k 7 ic 4' 
of;. MiQ^T- ft < + HSJ;£uc 4? t ft % M W ~t Z> M a iz o x % *. £ . 

[0163] 

Ci:^%x.^o L^U ^^T-M^T § fc^?£-?tt*fflj&k:im £ ft ^ $0 P 3 C i: lZT° 
§ftv^ 0 f ;x\ 3 ZTttz<*>;&#Jfc 2 oic^HtS z t ic «k o T + W j& T <?> ft £ ftj ffl] L 

[0164] 

£ :5Ht T fcf W £ ft 7 o ^^Jtn-^P c tt. Sffi/£UC£>fc £ Z t tCft£<7)T* (b) <7>^v£^fflV^*l 

li ft % fell 9P -t & z t fc* T § 5 =fc 7 ic ft £ . 
[0165] 

3 <r> J: 7 ic ftlflP L Wft £> * ^T* E # * # It . * cn ffittf iz is rt £ ft Mffl L T ffl m L 
fc*SJH£/&£ tis ft*ft*«Sv^v>ltttx St&_h. & T J§ It • v£*S • ft * ft] 8P 

ftg ft 3^ 7C ? n V H ffi n * ff 7 3 t ij ? T'§ 5. 
[0166] 

( 5 ) mm mm. mm. mm*mw l ^ 3 Kit ? n v >r h a ra 

(a) ^vi <7>ft£*i 

[0167] 

(b-1) 

C<7)flTli3iX7cSra<?>3^{0. 0, 0.0, 0.0}, {5.0, 5.0, 10.0}, {10.0, 10.0, 5.0}^Jf 

*.ito *<7>fk&)&K:5-*.rzmm. mm. Mft * tab -eft s icicle 

[0168] 
[118] 













Pi 


(0. 0 . 0. 0 , 0, 0) 


{0.0, 1.0, 0.0} 


{1.0, 0.0. 0.0} 


0. 1 


p 2 


(5.0, 5.0, 
10. 0) 








p 3 


(10.0, 10.0, 
5. 0) 


{1.0, 0.0, 0.0} 


{0.0, -1.0, 0.0} 


0. 1 



[0169] 

(b-2) r = 4<^3DDCS<^^£^ 

- a. - h > . =, -f v > a ic is u t a . w gg^ % $6 & m iz m m ft ®m « % s 

ZCTttf <7)*IIII$ll5fcft^$i%tS. 5fcff W^T-*> -S 3D Discrete Clot 
hold Splinestt. Affile mm Wi^^l 0 . ft * ^ «b ^ ^SiSEBt lc W L T vt <b 6Mc 

lEfk-t* «k 7 ft'l4S^^oTv^ 0 f :T\ *W^£T-li3^7E ^ n V >f KffiM<^fc*><^«] 
fi * . H 2 0 J: 7 ft r =4<7) 3D Discrete C 1 o t h o i d Sp 1 i n e s co if, '0 =f > >9 . ^-3 

^bgflTftS Lfc. If;, H ^ }C Z ^^IJ J: *) $ tl # '0 =T > * HI 2 1 tC . TI J&<7> 

M^^^9tci^-t±/;„ 
[0170] 



m 9 1 





iVV .1,' \A£ +jC 


p, 


{0.0, 0.0, 0.0} 




{0. 4677, 0. 4677, 




{0. 9354, 0, 9354, 

C n j rcl 

6. Z4:obj 




{2.3029, 2.3029, 
9. 4ybb; 


p 2 


{5.0, 5.0, 10.0} 




{6. 7095, 6. 7095, 

Q Qr? A A \ 




{8.0655, 8.0655, 
8. 4732} 




{9. 0327, 9. 0327, 
6. 7366} 


p 3 


{10.0, 10.0, 5.0} 



[0171] 

(b-3) mmi$. 

3D Discrete Clothoid Sp l i n e s T tt v U * Hftft j)*~t T- lc Jf< * -o T v> S . d 
b -2T?£j£Lfc# =f> Q<7)i£<feff Jjft^l«I^ ? h ^ t J: *) >**7 > - 9 a 0 , b 0 ^5j<46§ 

K -b 7 > > h tc is u T . % <r> ft % x. Z . 
[0172] 
[K4 5] 



u = i 



COS /? COS « 

sin j3cosa 
-sin a 



[0173] 

:ZT\ 3D Discrete Clothoid Splinestt. TI^ fc* VWM \z M ^ T* c t ^ # £ £ t 
, m 2 0 <7>^g 4 i + iTli . ftilttS^l/lT^Stfift^Ch^TS^. fB]fitC^q 4 ( 

[0174] 



[146] 

aO^+ial^+^-l a2 4i =«0 4I . 1 



[0175] 

c co^ «5k*n»**a 1 4 j t a2 4 j<?>2)X7U3ijA^g^lc & o T 9 . cti^«uT^7 >- 
?ap a 2 ^«KfHI -t 3 o [s]«ic ^ ^ > - ? bp b^DIIt'i*ST-§ ^, 
[0176] 

0 S ft "f -5 . 3iX7C^ny>fKtt*S<?)ffi*li. T K T* H £ *l £ „ 
[0177] 
[147] 



Ja' 2 + fi a cos 2 or 

A" - -5! 

ft 

[0178] 

[0179] 
[t4 8] 

V01 4 , + 2a2 4 ,) 2 + (61 4 , + 262 4; ) 2 cos 2 (a0 4j . +ol 4< +a2 4l ) 

"41 ~ . ""' 



[0180] 

1M±<7)^vST7o<7>3^7U ?n>MF^7i-? \z o u T W fl * $ 7€"t 3 3 t fc*T*£ £ 
[0181] 

z<r>^&\z J: 9 :d< #> #] KH M * ft 1 o tcie-t 0 
[0182] 



[ft 1 0 J 



mmm. 



& p, t p 2 t z&jzm 


*0 


0. 0 (ffi 


*i 


-0. 2684 


^2 


1, 0739 


6 0 


n/2 (gE 


b x 


0. 0 


K 


0. 0 


h 


12, 7684 


& p 2 1 p 3 1 


a* 


-0. 1648 


*i 


3. 2061 


^2 


-2. 6327 




0. 7853 




0. 0 


^2 


0, 0 


h 


9. 6752 



[0183] 

(b-4) i'Stc^iS^l^ G 2 iIMft3)X7U 9 u V >f H 1im 

(l)-2)T*aSL^|l]SljI^ffluTG 2 i^i: ft § J; 7 ilfrTTlli^^ >- ?<?)fi 
flSUft % — ~ - h > • v ~/ 7 > v£ lc oTlftS, C tile J: o T % h tifz °? > - 9 fc* «b 3 

[0 1 8 4] 

ti^J:7^*frl:ov>TM*fil^*fr^*i§. 0 2 2lij&Pi. P 2 . P3<^3iX7C^nv 

-fKim^^t. p 2 w*JK^ftifft*ft*ftc 1 . ^p 2 . P3m*^^fl*ft*tt*ftc 2 -? z 

t. aO j t bO J ttfttlcfi!£*m?*> 5 h . WSli> ffi*£C \<r> => > - 7 a 1 j , a2 p blj. b2j 

, hp ftJftC2*> > - 7 a 0 2 ■ a 1 2 ■ a2 2' b0 2' b 1 2 • b2 2- h 2^ 1 2m b * * - W^^ B H^ 
T T < £ £ ^ <7) ^ ~f X ? -7' (. xx § ft *§ <r> "t "7* X 7 -?° y. \ z ft L X tS *) . § ft 4$ lC It 

(9. v£8U ffi^^ffl^^'^ScS^rafC i: L TPxj, Pyj, Pz r a,. 

(9 i . n j , /c j <t> £ 7 lc ft t" » 

[0185] 

tcgtfriftffi t LT^f x. -S^T^Pilcfctt^^friiiTf tcjg/^ L ftv^ 0 
[0186] 

YK\z&f 2 \z o v^T %x -5 o ;&P 2 &tt*&|B]±<^f#Mj&T*£> 9 x G 2 31*wlc ft 3 tc tiflg. ft 

7 tc ft £ „ 
[0187] 



[S49] 



Px } (\) = Px 2 (0) 
Py t {l) = Py 2 (0) 
Pz,{\)^Pz 2 {0) 
cos[a,(l)-« 2 (0)] = l 

cos[A(i)-A(0)] = i 

n,(l).n 2 (0) = l 

/c,(l) = /r 2 (0) 

[0 1 8 8] 

£ <?> T & T<^ 5 o <?> ft frfft 9 o . (9 3 it . 4- £ -5 \z is n z> m W. ~< ? h 

>i^&db &mBUfa\a)&;ft a . (9 X'3h £ t -t 3 . 
[0189] 

m 5 o ] 

Px 2 (l) = 7>x 3 

cos[«,(l)-a,] = 1 
cos[/? 2 (l)-/?,] = l 

[0190] 

W. _h «* *) . * *n $C a 1 1 . a 2 1 , b 1 { , b 2 j . h j , a 0 2 , a 1 2 . a2 2 . b0 2 . b 1 2 , b 2 2 , h 2 ^ 1 2 
ilcWLT, ^ # 5^ 14 T 12 <r> 1 2 flU *) aL o c i: fc* to fc* -5 = i 
T IS <?> J: 7 Jc * S o 
[0191] 
[& 5 1 ] 

Px } (\) = Px 2 (0) 
Py } ()) = Py 2 (0) 
Pz l (\) = Pz 2 (0) 
cos[a,(l)-cr 2 (0)] = l 
cos[#(l)-/? 2 (0)] = l 
n, n 2 = 1 
*t,(1) = a: 2 (0) 
/'x 2 (l) = / , x, 
/> 2 (1) = ^ 

cos[«r 2 (l)-a 3 j - ] 
cos[/? 2 (l)-/?,] = l 



[0192] 



— ^- — h > • 7 7' y >iJ [c J; o T f# § , » % ^ aft . HI 1 k: #J KH fl! A? iB"* . 
[0193] 

[in] 









t fT 






o. o 




a x 


0. 2684 


-5. 4455 


a-? 


1. 0739 


5. 4122 


b 0 

V 


7L /2 (it 
ft) 




b x 


0. 0 


-3. 8590 


b 2 


0, 0 


3. 1003 


H 


12. 7684 


13. 5862 


jfSjt: C 2 


a 0 


-0. 1648 


-0. 033258 


3\ 


3. 2061 


3. 6770 




-2. 6327 


-3. 6437 




0. 7853 


0. 8120 


by 


0. 0 


1. 6006 


b 2 


0. 0 


-2. 4126 


H 


9. 6752 


9. 2873 



[0194] 

(b-5) mm<7>£.f& 

[0195] 

(b-6) &flf&t*%i®. 

ni24tc^$ti^j:-7 tc mmc\<7>mmM^®i$ =o. s^-agtc^DPj^^f^ic^AL u 

[0196] 

3<7>i:S. ^Pj t^DP^^^tt^^ft^C ' ^ ^DP } i: ^P 2 **S tt*6 C ' 2 . ^ 

P 2 fc^DP 2 *JK^ttii6*ft*ftC ' 3. ^DP 2 fc^P 3 %Jfg4;ftifift*ftJj6C ' 4 1 "T £ . W&ifeHIJk: 

m^0$E^a. (9 . ft^*tt*ft^^»S^MSC t LTPx c , Py c - Pz c , a c , (9 c , n c . 

^ £ti & T* li P x s . P y s , P z s , a s . /9 s , n s . k s . ^ T* l± P x e , P y e > P z e . a e . (9 e . n e . 

[0197] 

KIT ^ &;±Uc T jsft 9 3A o ^fF^ Ifi-t o 
[0198] 



[S52] 



m. p, : mm. mm. mm : *m 

cos[<z c ,,(0)-a:J = l 
cosI^CO) -/?J = 1 
n cl (0)-*,=l 
ac c .. 1 (0) = /c j 

^DP i: JgjgU *fc*§U ft* :7« 

P^,(l) = J ft Cc . 2 (0) 

^C',(1) = ^C7(0) 

Pz c ,(l) = Pz c , 2 (0) 
cos[« c .,(l)-or c , 2 (0)] = l 
cost/7^ (1)-/? C . 2 (0)] = 1 
n c ,(l)-n c . 2 (0) = l 
^c,0) = ^c-2(0) 

j^p 2 : mm. mm. mm -.7m 

Px c , 2 (l) = Px c . 3 (&) 
Py c , 2 (\) = Py c . 3 (0) 
Pz c . 2 (\) = Pz C3 (0) 
cos[a c . 2 (l)-a c , 3 (0)] = l 

COS[y3 c . 2 (l)-^ c . 3 (0)]=:l 

n c . 2 (l)-n c . 3 (0) = l 
ic c . 2 (l) = /r c . 3 (0) 

^dp 2 : &m. mm. mm. mm -.7® 

Px a2 (l) = Px c . 4 (0) 
Py c . 3 Q.) = Py c , A (Q) 
Pz c , 3 (l) = Pz c . 4 (0) 
cos[a c . 3 (l)-a c . 4 (0)] = l 
cos[^ c . 3 (l)-^ c . 4 (0)] = l 
n c , 3 (l).n c . 4 (0) = l 
/r c . 3 (l)^ c , 4 (0) 

^p 3 : &m. mm. mm. mm :?« 

Px CA (l) = Px e 

Pz c , A Q.) = Pz e 
cos[or c . 4 (l)-£rJ = l 
cos[/? c . 4 (l)-/? e ] = l 

«- C '4 (!) = *•« 

[0199] 



7ttaQ> aj. a 2 - b q * bp &2' li^ 7 oo'oT** •) , ft IS **4 * ft <r> T* * £n 

h**tii*fti^ ^ c fctcffA L ^2o<^^DP 1 , DP 2 <^> y • zM1H^**n$c t LT|v^ * 

[ 0 2 0 0 ] 

(b-7) Wmfe^'ik&l 

^<?>iJXm*^ _hi-f^ fc»k:**Pf!C(?)^JSHfft*^^-t-6. n&tLXlt. m 2 5 <?> J: 7 ic (b 
-5)T£*fcLfc3iX7C? u vM K ft*6**f L < If A L 7c ^ ifim T §J i" 3 c i: tc «fc 0 . 3 



, ft H C 1 i <r> v n v K ^ => > - ? h * . a * q • a ' j , a ' 2 > b ' 0 ' b ' 1 ■ b ' i\t , ft H C 
Z X' It 0 . 5 T* *> £ . 



[ 0 2 0 3 ] 

TO C T* ft § ft ft Ji$ * ft *ft C * * i t -f £ t x * <7) ft H li <^> ? n V -f K ^ 7 > - 9 h * ' 
, a * * o> a * ' { , a * ' 2 < •> ' ' 0' b ' ' 1- b ' ' 2 tt - ft *SU i tf> ft Jjfc <?> ' * 5 > - ? ^ffl 
v^T. T IS <?> it T ft -<± § o 
[ 0 2 0 4 ] 
[» 5 4 ] 

p;=p(i) 

(Jq = a Q + a ] + <a 2 + 7i 
a[— -(a, + 2a 2 ) 

b;=-{b l + 2b 2 ) 

b" = h 2 



3<7>ft*ft_hK::l5V*T#glJj&DP 1 t±. DP x =C ' * [(1- Sj)Ti§tl«. CCT'IIC * t * 



[ 0 2 0 1 ] 



[ 0 2 0 2 ] 
[K53] 




[ 0 2 0 5 ] 



[ 0 2 0 6 ] 

3 <D ft 2 <^ ? & V H ><? => > - 9 h ' * , a ' ' o , a * ' \ , a * ' 2 • b ' ' 0 ■ b ' ' \ . 

[ 0 2 0 7 ] 
[K55] 

a,' =(1 -$,){«, +2« 2 S,} 
< 6 0 " = b 0 + b^Sj +b 2 S tl 2 

b';=(i-s d ){b,+2b 2 s d } 

h" = h(\-S d ) 
[ 0 2 0 8 ] 

£tt*IC ' i tC ' 2 «t tc^SiJi-^, 3 t **T*# IsJ^^^vST. A*&C 2 -t<7>lHl*&J*£&Jt>*S 
= 0.5T*>S^DP2Tft*SC2^tt*feC' 3 C ' 4 ^ lc § C t £ . 

[0209]" 

* b-6 T? T * 5^ * if tz -f ffi & ^ ib Z> m<n - =>. - h > • v -7° V > <?>#JBIIflt lc ffl 

o 

[0210] 



[ft 1 2 J 



rtiT jCH 
ptq 7RK 




/"V / till - /--> > \ 


,ji t i«4 
ft ^ 


^0 


4. 9134 




^1 


-2. 7227 


C 2 


*1 


-0. 016629 




^2 


1 . 3530 




*2 


1. 3530 




b Q 


tl/2 (gfc&O 




^0 


0. 41633 






-1. 9295 






-0. 37938 






0. 7750 






0. 77507 




h 


6. 7931 




h 


6, 7931 






{0.0, 0.0, 0.0} 






{1. 8431, 3. 0860, 
4. 9597} 


JL Jrft 


*o 


-0. 033258 


.11. 




7. 1774 




a i 


1. 8385 


n * 

C 4 


*1 


rt n i /run 

0. 016629 




a 2 


-0. 91093 




5 2 


0. 91093 




*b 


0. 81202 






1. 0091 




t>x 


0. 80031 




* 


-0. 40601 




b 2 


-0. 60316 




A 2 


-0. 60316 




h 


4. 6436 




h 


4. 6436 






{5,0, 5.0, 10.0} 






{7.0029, 8.1298, 
7. 5337} 



[0211] 

( b-8) $kfr%Mtz-f ? n 'H 7 i - ^ ^5)<a6 § 

(b-7) L fc#]»!ffi*7Ck:. (b-6)Tj>lTfc&#j$*iSffc-*»*-~- N > • v ^ v 

>v£T?l<^fco ft 1 3 liffft 2 *ifcg-ffl*&<5D^ 7 > - ? Ufc. ft 1 4 li 

[0212] 
[il 3] 





3q 


0.0 (gE£fl) 


dij c 2 


•3 0 


5. 3846 


*1 


0. 0000 




-3. 4602 


a z 


-0. 89854 


^2 


4. 341 


b Q 


jl/2 (ffcfcl) 




0. 47690 


b x 


-0. 51836 




-3. 2143 


t>2 


-0. 57552 


b 2 


3. 4613 


h 


5. 1836 


// 


9. 9808 




{0.0, 0.0, 0.0} 




{1.8431, 4.1726, 
1. 4653} 


fft C 3 


#0 


-0. 017740 


{Si ^ C 4 


a Q 


6. 8553 


3\ 


3. 4572 


a i 


-1. 1443 


a 2 


-2. 8673 


*2 


0. 57219 


bo 


0. 72385 


bo 


0. 76315 


by 


2. 4551 


b\ 


-1. 1942 


b 2 


-2. 4158 


b 2 


0. 43108 


h 


6. 60818 


h 


3. 3206 




{5.0, 5.0, 10.0} 




{7.0029, 9.0734, 
5. 6186} 



[0213] 



[ft 1 4 ] 





mm 








Pi 




{0.0, 0.0, 0.0} 


{0.0, 1.0, 0.0} 


{1.0, 0.0, 0.0} 


0. 10 


SIPS 


{0.0, 0.0, 0.0} 


{0. 0, 1. 0 0. 0} 


{1.0, 0.0, 0.0} 


0. 10 


IS 


{0.0, 0.0, 0.0} 


{0.0, 0.0, 0.0} 


{0.0, 0.0, 0.0} 


0 


p 3 




{ 10. 0, 10. 0, 5. 0} 


{1.0, 0.0, 0.0} 


{0.0, -1.0, 0.0} 


0. 10 


a is 


{10.0, 10.0, 5.0} 


{1. 0, 0. 0 , 0. 0} 


{0.0, -1.0, 0.0} 


0. 10 


m 


{0.0, 0.0, 0.0} 


{0.0, 0.0, 0.0} 


{0.0, 0.0, 0.0} 


0 



[02 14] 

(b-9) ffl*fc<7>£>£ 

(b-8) X'^dbfz^ y > - 9 \Z J: *) ±f&2 iltztibm^m 2 6 \z^-f„ H ifift 3 iX 7C 9 n y -i 

h mm. mm • -&mm • r.&mm • ^^mmit^mm^^m^^.mm^\^\c ±% £^ 

2 7IC0 2 6 ^*ft^tt^k:WfC:3 ^fcg-ftJJi<7>46^*^^^fftffil!jtsfc Eft* K <r>m&<r> r 
^7^1Ci- 0 £j$3ftfcft«Ui* Ill 2*^^<)^i7lc4i/:*frtittLTv^3i: 

3t>* ft* £ o 

[0215] 

f J * IB L . 
[0216] 

jkif\ mm^it* m h t-iz -? & z t &^m% z t *> & . 

[0217] 

(1) 3 JXtu ? a V >f H fflW*fflv>fc««ft!|ffl]^^ 

3 /Xtu ?nv>(H 1«Wft*ftfcfflufc#ffiflHjffll;frjSl±. 0 2 8tc^ $ ft * iX ^ AS <b * 
[0218] 

(a) IHIW^itt (02 8, SI) 

h f^)II* J i < i: § . f^IM^fti^ (ISjS, tool center point) tt¥ffitB<fc§ 
vMi^Wfl5lcfffi^ft/iiIifi*fL»tt*& (ift*ft*^tf) tf)MMfilclitntiK 
ki'-eli. XM^ftgli. (x. y. z) Tit 3 ft. XM^'^ilti . #0 x. li x 

tyft&tytl \Z & £ Z t & < . II»tCl<)*oTV^ 0 3Sfiftffe!lfiP*>3l 1 ©P&tt* C^$TL»<7> 

Jf^ * x 3iX7C?n y >f H Eft m lz SH- -f S 3 i: tc *> § . 
[0219] 

(b) allftfl^^>^Tlia6 (0 2 8. S2) 

< Xm^<50iIS • ^Igta^t^ 3 i: fL^X^XM^* s ^<^ =k 7 & W <?> W & 

ISli, BfH3le>rt L Tft^J? ft-Sig^- i: . $JiE*<t> \z f4K L T 2 ft £ if □ 3 . 

[ 0 2 2 0 ] 



ti. IK^TSvMc & x . y. z<7) 3 ftb^fflv^To < ibtlS 3 iX7EM^^5-e*> •) . X 

[ 0 2 2 1 ] 

(c) mfrW) (02 8. S3) ^^^^ryT>IilacJ;^IM^fiI • ^fl^ffJi: ( 
[3 8. S 4 ) 
[ 0 2 2 2 ] 

g . 'gMfrEf m t <r> m $c t l t h- ^ ^ ti c t iz & . ctiicj: , Bfrat^BM^ram 

f tlf tl^SfilC^fSlI^^f fi^^ft^ 3 t^T*§ (c)<^tf 
Sli. M#ifttc tiiilT^ j; 7 tcff BlSE^tc fc^T ti . feg'lit^^im. 

fwfl*^^oTv^„ ti7c^MJ^tclMi^r1^^i i titi\ mteB$ra*<7>^lflft 

H^ib^'K CtllCj: ^Kt^ttil^^ >-n*tlT'§4. Cc^^i^^tftM^ 

^ > - 9 iz j: , wm&^fciz&i-t z>&w.mm*?mm. t^ittnts - t *>* 

[ 0 2 2 3 ] 

WJ:^)f^§lcioT, ^7 ^ t x t (HGtSIB) icfclt 3 BffS t iztt-fzxm 

&<7>&W. t ^m^iiM 2 tl £ = t L T . 3 ^7t?ti ( x . y. z. A. y. 0 

) £: & S o f:CU ( A * m . y . ^) li'fiE^f ISiT't L fc t ( K m . y 

[ 0 2 2 4 ] 

* "7 -b <v h L /: t 7 t -v h ^^5^*>T . 3 tl * ^7 -v 7 - 7. ( XS 4"fr*>#l8* 
) tts. ;<7)gfit, if$ ^ ft * * -d T § <^> t- . § i T* $> l> , 
[ 0 2 2 5 ] 

u)mmmm (028. s 5 > 

gti-ft£tc31$i*if$ ( inverse kinematics) nf UftT 5 . 00 I* 6 tt<?> n # >v h 
ittii:, W IP 6 o *> £ T- . /W^HSffU BS^MfP. £>e<7>[iffU ^ M <7) Wff5 V t> s M 
SSiLfc^T'IMiS^fil • liA'ftiS. Zti**)K*»fll»i:i^a:ti*. ilfMISti. 
ctifcii/xtticH&^^W^teg • ^Mfrhtt&mnMI&ft 0 1 — 0 efc^abst*)"?*) 
-So &$l<^7 7 ?^^:^-5Mi0K^-?T-£>si:tiPII<bi i . -rt— ?l£<?>ig:fj!r-r** 

t^<^T\ ft * tf> n # v V # tc -o T M SO IC M * ffl -W. L T < . 
[ 0 2 2 6 ] 

(e) $iiiMlfUe «k s ^-fit- ^^fi^ffS (02 8. S 6 ) 
[ 0 2 2 7 ] 

Xlfi. (a)&V (b) a^ifl^ >5r^)iKT^ ►) . -S/2l+ff * ti S , (c) - (e) ti . J&S $ ti 
[ 0 2 2 8 ] 

Xse<7)^T<^l+S^ . MftlJimg^T-ff 7 - t t DfrllT-^ ») . *>Sv^ti. (a)&V( 
b) ^gijco =1 > - 9 (ff-Bfi) tc «k *) WcnikTfm.'& LTfc § . fwil«i'<7>-?4t 



[ 0 2 2 9 ] 

( 2 ) n cnmt C N C 
3 > ^ ^ _ 57 1 N c fc ft^ c n c mu&i$.m-f zm^nz-? \^xmm-t^o 

[ 0 2 3 0 ] 

(a) jSii^NCSiatfflv^S^ 

^Bt $ tlT S . f^lCitLT, lfi<7)CNCit«TMi, 7"d ^7 n> 
-5MiNCt§HlcrtjK£*l"C. — ^t^tlfct^tioTv^. 
[ 0 2 3 1 ] 

£ -f . BO # <J0 . 8ii<7)NC^iatfflv^i^lcov^'rs 3iX7C?nvMKicJ:£8cfftftJ 

ffli^^H, Gn-K<?)^i:^py n*<?)7 t-77 F^Iit^, c ft a li\ 
iX <^> =k 7 & & <50 T* ctr> o 
[ 0 2 3 2 ] 
G * * * 

AO, Al. A2, BO, Bl, B2. H 
[ 0 2 3 3 ] 

;ZT\ G*nflG^-HwSf^^t. A0~Hti3#;7C?nvMK-ter>>h<7>7 

3<7>^ff^ HMJ i:v*7. ttC#*N C ^gfJjTtf "7 flftni^- ^<^7^Mfb^K <• 
Bftfc>«b-?*>S * <7>fc#>K: N C ^HTti . IhZm^mW&'&W b-f & „ Cn-HT'^ 
n V ^ftaat § C i: lc «k o T . SJES:<7>N CUBIC ? n V >f H ft & * ffi A & t? C i: fc*«rB6 

[ 0 2 3 4 ] 

(l)CNC T^it 

7- a r ^ v ^ ^ jf 0 ^ > ~ - 9 tN cnw.t<r>-tfi{t$nrzCN cnw.<7)n& 

icov^tl^So 3 ^ if^-. ? n V >f K ic it § ff B ft* ir~ g& <7> ^— K Tjff Jb ft £ Wi 
jg ic £ ib & . £ , T-?^itiI^xf-Ktffft$tiooJ=,§ 0 
[ 0 2 3 5 ] 

— Hx lc . 3 <jo 7° a r ^ -7 ic H . -5- ft f ft <t> * f|= [c i@ L ? a v A Y <r> => > - 9 % v£ S 
t§Ig^#iti§. zft^ Til^J tin. iM<7>4Mcti. #ijxti. < o^<7>(ifcfl9 

^ItlS. Wli^f i: 4SIMIl»^)*S7 , d 77 A (ubHC AM 

[ 0 2 3 6 ] 

( 3 ) 3 /7v 7U * n V >f H ffiM*fflv^8CfftftlJfflI^^<7>!|f g[ 
3 ^tu ?n>MF ffi^^fflv^ciCfiftOP^J^lc ii . ^<7> =t 7 * W ** *> * . 
[ 0 2 3 7 ] 

(a) _Lie<7> ck 7 ic. ft*ft***ifl^3b^<?)ttJj6^*3fti!:^ 5 > - ? t tiTu § 

flft ra ^ * 5* ^ 9 > - 9 IC J: lil^tlTV^AT 1 ^ -f > ft H * ^ <7> ftfe<30 ft m X' It . WW] 

[ 0 2 3 8 ] 

3 ft * Sfit 02 9lC^^ft^,Jc7lC. X 7° 7 >f > ft jf$ R ( t) T'^m $ ft -5 #L» 



t ft m J* t friz M \% -t Z> t X it ft \*<r> X » J* nz. <?> ^ fb« A t it A *> ic fl ^ <)6 § 3 
^Sft-t^ c t frXB ftv^T*. -£Bf WW^ic c^f-fS^i* •? il£ ftt+*u£ft<bft^ 

Z t IZ ft £ o 

[ 0 2 3 9 ] 

(b) 3iX7C ? * vM h- ftjffcTMi. Eft ic xti" § tft ^ ft<o ft 7a , 35 flJI8 
^^ftv^iJP*^ t ft & z t ;b*iWff£ >f >ffl^ft tXlt. ftMft^: 

[ 0 2 4 0 ] 

(c) 3 iX7C* n v >f f* ffljfftH. -e^iff ^ftJf^-h LT, fi.«U P3 % . «S£ft*&£irfc# 
A,T4? »> . M^ft^^ffl^t? c ^ft < . #tiftEft^lcxt-t sMfrJfMil itlffic 
^3Ei" £ d i: o 

[ 0 2 4 1 ] 

(d) 3^tc ?o'MH Eft m m $i ^ i: ^^icJc'oftv^g «J^5g^T*>* . x, y, z$iT»ft 

<r> SX 9 ft It ic «fc o T tt . $4 a6 <7) ® £ fin X L ^ i" ^ o 9 . *ILlc < i)^ •) t§ : t 
fr$> -5 o 3 iX7C ^ n v 4 H IIT- li . Eft H ic J; oT j fx | oti5^T\ f4-a6 <o ffl £ tjd 

X-t 5*^7 t . f4a6^ffl±lc$fL»^ fF/&-t*Ui\ * ¥ ffi * /fl I -t § <?> i: la] *i ic fill I T* § 

[ 0 2 4 2 ] 

fti>*fEBH<7K ii^^]<?) tf -v ^ft 4? J: U 3 -ft <r> * *l f ft *>» ft «UI U fctift«UiaL» 
— )X:^T*^£ ^ft S 3 iX7Uft*t ( 3 iX7C * a V 4 Kftii:in) ^fflv^TlIM £ Tz 
It n - ? <7>$ffi)I&ff^^lt3E-t £ 7'n r^A^n^tr^— 9 H ff * t li * 3 > t" ^ - 
y <?> — h'f -f 7. ? g| g#<7) fflB/jK'H^ B tc 7' n r ^ a £ LTfe§> M > > t ') - 
lcn-F LTHtftS. J: 7 ft 7'n A ti . C D - R 0 M V <r>^J MmmUm 

i^lzy'u r^tMLTiMLf; 1 ) . ^ -v h "7 - 7 % /h L T 5 ti =i > e" ^ - 9 <d 
iz^m LTfeS, ^ v V n — ? -frM £ X ttL<n n > f ^ - ? tilt § 3 J: t T-§ 
f « J; 7 ^ 7" n 7 7 A IC J; § 1 1 S K 3 IX 7C ^ n V ft i ^ ^) ft ,1 a' 7 > 

- 57 . 9 <r>&.&>*>\, x^)^ cd-r oMmco^smmm&ufaiz&m ix^st 

[^^X^fiJfflBTftl'tt] 
[ 0 2 4 3 ] 

*i£BH<7> 3 ^tc ? n v ^( h' ftl^lc J: tilt. IIip a n ^)ts+41(c^f i: ft S^Mft*ft<?> 
Rffl^ft^^^Ti^m^i-^ itK-lS. ^Mft*ftk:vfr o T^#**^nM31^ff oTIi 
Js/m^^fb^vfb^ft^tf^DTigti-^o z^^fiStt. ^fftftOffl^gicK < 

mmtniz* ^mmmmmu^iz^. ^mMizntx^m^^it^mmizmsixB ^> z t 
\z j: o . s^^j ft^E tt^^tfft if. ti * ft^ii^fftcir^nciiffl 5 n*. 
[0®<^ffl^ftiaB/!] 

[ 0 2 4 4 ] 

[01] x. y!il^2)X7C^n>M Kftit^tH. 

[02] 2/X7C^oy^ KftS^$t0. 

[0 3] 3 #C7U ^ a V >f K mm<7> a . ^SiS^tl. 

[0 4 ] ft 3 YK7t 7 a V 4 K fti^itt^tl. 

[05] G 2 jl^ftM<^*fr^ii-0o 

[0 6] flWfS^ffit^^tio 

[0 7] ?p V ^ KlP^^f a^sti^ts^^ti. 

[08] G 2 mmt ft§ Jc 7 ft^fr^i^^-t ? a vM K ffl ¥ vi <7> ifttl ^ « W * ^ 

[0 9] j&Pp P 2 . P2^m7C^ovn*i^^*t0. 



[010] r = 4 <^> 3 D Discrete Clothoid Sp 1 i n e s ^ 0 . 
[0 1 1] 3D Discrete Clothoid Splines^t£BHl)-£0o 

[is i 2 ] mm\z & *) ±f&$ ntziYKit ?ovn* tt*ft^^mi3o 

[013] little M^<^ «$Mlcft^^3Xo feft^^fbr ^ 7 Q 

[014] M^^T*^«^0Jffl-t -5 3^tu ? o V -f H ffi^c7)^tl<7)«W*^i-0o 

[015] mm&~?&m-£MW-t % iftit ?ov^f si^ii&h. 

[016] ^^icffl^^ft o tisi^^ta. 

[017] &mm<7>tt&frib<vWM$m t mm<7>m&<7> ? => -> . 

[0 18] ^^^lcfelt^«^^iJP^^-t0 o 

[0 19] M • ^^T-^m^^iJp-t^, 3}X7C ? a V >f H ^fflv^cffl^vS^^tl^ft 
?^^i-0o 

[0 2 0] r =4^3D Discrete Clothoid Sp 1 i n e s ^ ^i" 0 . 

[02 1 ] 2 ti fz # V =f > ^ 0 . 

[0 2 2] ^Pp P 2 - P3<?)3iX7C ^ n v >f 

[0 2 3] £>£2 tifcftJjfc i: # =c> i: t^tHI, 

[0 2 4] AL til. 

[0 2 5 3 ft M £ ii fz y<Xjt ? v -f Fll^^fHI. 

[0 2 6 3 4^^titftit^t0o 

[0 2 7 3 &ffl*$<^*6j&fc>'b<7>^ifrEE8!s t ft* k <^ W # * ^ 7 C 

[0 2 8 3 ^cmmm^^^^-txnm. 

[0 2 9 3 t£*<?> y ft!*^^-ttbi^0o 



[mm%] mm 
im 1 ] 




x 

[0 2 ] 



2 a v -f K 



[0 5 ] 



^(1)=P^ +1 (0)< 

^(l)=^ + i(0) 
P^(1)=P^ +1 (0). 

cos^(l)-a f+ i(0)]=: 
cosP f (l)-ft +1 (0)]=l< 

a' (l)p' m (0)-^(^^ 




( 1 iBfctCoS 70) 



[0 6 ] 




S 1 



[m 7 ] 



STEP1 







STEP2 


3 '-kltt a y 
















■ fiat Ufa 



[0 8 ] 



Witt: 3 ^ o V 



STEP 3 



^Mft 3 ^ 



SUSHIS© 




#T"C — ~ — F^-7^y^ 


► 


& & £ -r 


► 













[m 9 ] 



Pi 



.. { hi,aOi ,a1i,a2i ,bOi , b1i , b2i } 
\ 

I 



p 2 



/ 



/ 

C2 \ 



{ h 2 , a0 2 , a1 2 , a2 2 , b0 2 , b1 2 , b2 2 h 



\ 



\ 



\ 



\ 



® P3 



[010] 



^4i+2 



94i+3 



C|4i+1 



q4(2+1) © ttMtt*j£ 
• Polygon Q 



[mil] 



p={p 0 ,....,p„_,} 




Q = {q 0 ,....,q n . l }, PaQ 

0 Polygon 
P 



FrenetFram e{q, , t , , b, , n, } ^ ^ 



b| = (q,-i-q,)x(q >+1 -q,) n . m<i ^^ «/<*M, 



||(q J -,-q,) x (q I+ i-q/ 

n. = b, x t 



K{g "' g » 9 ^ |q i+1 q i ||q i , 1 q i .«q (+I q,, 1 | 

2 

k, = K t h t = —iq M -q t )x(q M ~q,) 



[m 1 2 ] 




[014] 













► 
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